A project for developing a platform yeast was initiated at the National Renewable Energy Laboratory after industry stakeholders and interested parties expressed concern that available organisms for processing sugars from the enzyme sugar platform are inadequate for commercial use. A project vision and strategy were articulated and shared with potential collaborators and other potential stakeholders. Three colloquia were held at various locations across the United States to share ideas and obtain feedback from invitees who represented industry, academia and other potential collaborators. The project was summarized in a precolloquy mailing, and fully described at each session.
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YEAST PLATFORM COLLOQUIA A project for developing a platform yeast was initiated at the National Renewable Energy Laboratory after industry stakeholders and interested parties expressed concern that available organisms for processing sugars from the enzyme sugar platform are inadequate for commercial use. A project vision and strategy were articulated and shared with potential collaborators and other potential stakeholders. Three colloquia were held at various locations across the United States to share ideas and obtain feedback from invitees who represented industry, academia and other potential collaborators. The project was summarized in a precolloquy mailing, and fully described at each session.
Voluminous input was obtained. The majority of participants felt that an additional organism was needed because presently available organisms are not suitable for producing commodities such as fuel ethanol, although one industrial attendee opined that present organisms are adequate. Many felt that the proposed funding is inadequate for a project of this magnitude. Some expressed concern over who would manage such a broad-based, diverse project. The need for representative and reproducible substrates was expressed, as was the need for close integration with the enzyme sugar platform project. Other major concerns included that of how intellectual property would be handled, the need of for timely economic sensitivity analysis and whether the objectives would be specific enough.
II. Introduction
The National Renewable Energy Laboratory wants to develop a platform yeast which would produce platform chemicals (existing and new) from biomass sugars. The need for a yeast stemmed from discussions with industrial stakeholders and interested parties concerning the already initiated enzyme sugar platform project. A vision was developed and articulated, and a plan for achieving the vision drafted. The success of such a project was recognized to depend upon early input and collaboration with industry, academia and other government labs or agencies. The vision and plan were communicated to potential stakeholders and a series of colloquies were planned and implemented. The colloquia were intended to inform the potential stakeholders about the vision, involve them in the planning and strategies and gain their support and potential collaboration in the project. The results obtained from the colloquia are presented in this report.
III.
Objectives.
The objectives of the colloquia were to: a. Describe the Yeast Platform project, b. Obtain input and hear concerns from potential stakeholders, c. Thoroughly define relevant issues, d. Examine project hurdles, and e. Strengthen the vision and strategy based upon the input.
IV. Colloquia a. Structure
A colloquy was held in each of three cities and scheduled to make it easy for participants arrive and depart one 24 hour period. Sites were located geographically to maximize attendance. Thus, the Denver International Airport served the West, Chicago's O'Hare International Airport served the Midwestern invitees and Dulles International Airport (Washington, DC) served the Eastern seaboard and provided access to those who couldn't attend an earlier session. Starting time was 9:30 a.m. at each, lunch was served at or near the site and a 3:00 p.m. adjournment was guaranteed. The Denver, Chicago and Washington meetings were held July 17, July 20 and July 25, respectively.
Invitations were tendered to industrial folks who were either active in fermentation or interested in chemicals and fuels from biomass, to academic leaders in yeast research and to laboratories working in the yeast area. The goal was to have 3-4 times as many industrial attendees as academic, and to have 15 to 24 attendees per session. These people were invited by telephone, followed up with an Email with the purpose of the colloquy and a questionnaire that they were to answer and bring to the meeting.
As normally occurs, not all that were invited accepted, and not all who accepted the invitation actually attended a colloquy.
Attendees at each colloquy are listed in Appendix A.
b. Agenda.
The agenda for each colloquy was identical, although the discussions developed a different character at each location. After introductions, the meeting goals, agenda and ground rules were presented. Following Fuel Development and Biofuels Technical Program overviews by DOE Headquarters staff and NREL Technical Managers, the Yeast Platform Vision was presented by the project leader, Min Zhang. This latter was a formal presentation describing the project for the attendee's information. A copy of the power point program notes is attached as Appendix B. A discussion on the vision and concerns with it followed. After lunch discussion continued where improvements were solicited and additional concerns examined. The meetings ended with a summary by the discussion leader and a presentation of plans for follow-up and next steps. The agenda which was sent to each invitee, is attached as Appendix C.
Ground rules were established to keep the discussions focused on the Yeast Platform project, and emphasized at the beginning of each session. They were:
• This was to be an informal, freewheeling discussion,
• No entity dominates the discussion-we want to hear from everyone, • Grind no axes-focus on project, and • Three (3) minute limit/person-entity/point. The word "entity" was used because some organizations had more than one representative.
There were also four starting assumptions which were not open for debate:
• There will be fuel ethanol from biomass, • "Enzyme Sugars" from hydrolyzed biomass will be available, • The biomass will initially be corn stover (switch grass, trees, etc. later), and, • The enzyme sugar stream will contain the five sugars, glucose, mannose, galactose, xylose and arabinose.
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The "next steps" included the discussion leader summarizing the results of the three colloquies and Emailing to each participant for their review and additional input. They were also asked for their recommendation on how to proceed with the project.
V. Feedback on Current Project Vision.
Responses to the questionnaire, discussed at the colloquy and received afterwards, were generally favorable to the Yeast Platform Project. Several, especially those involved in developing and scaling up biochemicals, did not feel that the resources allocated are adequate for the magnitude of the undertaking. However, two manufacturing firms and at least one enzyme development company felt that the project could be done with the proposed allocation and time frame, if they were given the whole project and resources.
There was also concern that the timeline and need for good integration of research by experts across diverse technical lines would be better managed by industry. The expected concerns about handling intellectual property and competitive advantage were expressed by several. Only one respondent recommended how to proceed. That was for NREL to coordinate the basic research, and have the Renewable Fuels Association provide technical monitors to oversee project direction and development.
a. On the question "is the project a good idea," nearly all participants agreed that the Yeast Platform Project was a good idea and that a yeast was needed for industrial fermentations. There was one dissenter who expressed that there were already organisms (bacteria) which work and should be used. However, industrial attendees who performed commercial fermentation operations preferred yeast. A sampling of comments in answer to the question "Do you think that the proposed project is generally a good idea?" is included in Table  1 , below.
Only one participant of the three sessions who was negative to the Yeast Platform. One other industrial participant, commenting in a follow-up correspondence, did not think a consensus was achieved that "industry needs a yeast." He perceived the outcome to be that if the existing corn wet milling industry is DOE's target then the statement is true. If a company is building a new biomass-to-ethanol facility, then non-yeast organisms may, with some level of improvement, work fine.
b. Major hurdles expressed included substrate toxicity, yeast physiology and organizational. In addition to the substrate toxicity, which is well known in the biomass arena, efficient utilization of pentoses and understanding pentose utilization were the most frequently expressed technical issues.
While the corn refining industry would benefit from an efficient organism, just as other industries have benefited from spinoff from NASA and DOD projects, for example, fiber is not a primary goal. If all the fiber were converted to biomass sugars, it would represent less than 10% of the potential of one-half the corn stover available! A corn stover to ethanol operation could occur first outside the corn refining industry, given avail-ability of an appropriate process.
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Maintaining yeast viability, stability and robustness while engineering the requirements into it would be a challenge. A genetically engineered organism would be required to achieve the vision, according to the participants, which would be an issue if a food product were involved (such as using fermentation residue in animal feed). That industrial participants emphasized organizational Ethanol Producer "Unless we have an efficient fermentation organism, the pretreatment work and enzyme sugar platform are meaningless."
Biotech Firm "Yes-need GRAS platform organism and should be improvable. May be applicable to a broader range of products (at least as a starting point)." University "Yes I do….Saccharomyces is arguably the microorganism best suited scientifically to this vision because it is so well studied and there is an aggressive, highly interactive community of outstanding scientists available to do the work. Finally, a state of the art suite of genetic tools unmatched in any organism is available."
Industrial Company "The project as proposed is not a good idea, and may conflict with legislation and established policy, especially involving antitrust and small business. DOE and USDA have already funded successful research resulting in milestone patent US#5000000 which teaches an organism developed to ferment all the sugars derived from biomass." Government Lab "Yeast essentially don't handle arabinose. E. coli are subjected to phage infections, a problem with all microorganisms at this point."
hurdles, whereas academics focused on technical hurdles was not surprising. Both groups, however, agreed that a strong, central management would be needed to keep the project focused among the diverse groups involved.
c. The major concern expressed by both academicians and industry was whether the program was adequately funded for the task presented. Two industrial representatives felt that proposed funding is a factor of ten low. Other industrialists, felt that the project is doable within the resources proposed, if it were industry led and leveraged internally. Another recurring theme among the concerns, predominately from industry, was who has access/ownership of the intellectual property resulting from the work. How would all the pieces of the research be integrated in a timely and 7 open manner was also a concern. That the goals should be more specific was also a concern, primarily from academia.
d. Although the majority of both academic and industrial participants felt that the time frame was realistic, it was a slim majority. Those dissenting felt that either the resources were not adequate or the goals had to be more specific. Again, some major industrialists felt that the objectives could be met within the time and resources mentioned, with appropriate sub-contracts and increases of in-house resources, provided industry were contracted to do it.
e. Most of the responses, academic and industry, were for NREL's role to be that of coordination. Outside research should be subject to the same reporting and review requirements as in-house research at NREL. It is important to maintain transparency, said one industrial respondent, so that flawed research can be quickly uncovered and dealt with. At least one industrial firm commented that NREL should stay out of the business of organism development unless industry chooses to invest in a project to develop a yeast.
f. In general, industry would support a consortium "under appropriate circumstances." A range of $50,000 to $100,000 per member was proposed and was not objectionable. They would join if the value returned would be greater than the investment. However, few believed that the consortia route was the best way to achieve the goals. Some would support the effort and would coordinate with the Corn Refiners Association and National Corn Growers Association to insure funding (funding level was not stated). The academicians would support the project with research and intellectual input if funded, which was not surprising.
g. For the most part, industry would consider entering a CRADA with NREL once initial success was demonstrated if it served their interest. For some it would be in demonstrating the organism under realistic conditions, or fermenting corn refiners fiber. One would consider entering a CRADA with NREL in the Biofuels and/or Chemicals area once feasibility or reasonable progress is demonstrated. Of course, most academicians would consider entering a CRADA with and industrial partner. Some academicians did not feel that the CRADA question applied to them.
h. No respondent offered a specific product. Organic acids, and general chemicals or intermediates were offered up. One industrial company thought NREL should focus on developing enabling tools for organism development. Two fermentation alcohol producers said that fuel alcohol should be the priority.
i. There was no consensus on a change in project vision. Among the industrial participants, opinions ranged from a longer timeline, should have started in combination with the enzyme platform project, focus on development of enabling tools helpful to industrial researchers to broaden the metabolic capability of yeast to include other sugars, fatty acids, alkanes and glycerol. Academicians suggested leaving an option for two or three organisms (preferably yeasts), make the goals more specific and realistic and more basic research, perhaps in the area of "bioprospecting." j. Nearly everyone volunteered interest in serving as a member of an advisory panel.
Additional comments included:
• "You need to bring in a diverse group of partners who are committed to success of the program and not view it as another source of funding." • A priority should be the influence of economics on each of the goals and determine what makes the most sense-may need to integrate all the goals because of the cross-cutting nature. The nature of DOE which is forced to fund and divide into efforts, this mechanism almost frustrate the effort.
• "It would be difficult for me to get our company to buy in on a commodity product (e.g. EtOH), but possible for fine/specialty chemicals, in the context of platform organism development.
• "It is likely that unless awarded a major program role such as managing the program most companies will 'track' this program but probably do little more initially." • "I would like to see the RFP worded so that the goals are very specifically laid out. I think having a centralized resource at NREL that provides the following core services to all participants would be an excellent way to go. This resource center would include: Hydrolysate repository, yeast strain repository, centralized bioassay service and centralized database accessible via intranet to consortium members." • "Industry has a very good understanding (or at least they soon will when they start putting the effort into such a project) of the detailed economic sensitivities and tradeoffs involved in such a complex process-details that are not available to those working outside of industry due to the proprietary nature of such models." • Paraphrasing one industrial company's interest, 'interested in fundamental/technology elements-depends upon structure of effort, academic side is intriguing, it looks like a good platform.'
VI. Conclusions a. The yeast platform project was summarized in the pre-colloquy mailing, and described fully at each colloquy. b. Voluminous input was obtained at each colloquy, although each site developed its own character due to the mix of the attendees. Denver participants were mostly academics or research types, while Chicago and Washington had a preponderance of industry representatives. The majority of participants, academic and industrial, felt that the another organism is needed in industry and that the Yeast Platform Project is a good idea. There was one dissenter, however, who that felt enough organisms are available to convert enzyme sugars. The industry viewpoint is that the available organisms are not suitable for producing a high 9 volume, low margin commodity such as ethanol. Concerns were heard and recorded, as well as invited in follow up correspondence. c. Relevant issues expressed include:
i. Projected funding is inadequate for the magnitude of the task. ii. Who should manage the program iii. A reproducible synthetic substrate, as well as "real" substrates will be needed, and close integration with the enzyme sugar platform required. iv. Realistic economic sensitivity analysis will be needed on a timely basis. v. Academics felt that the project needed more specific objectives. vi. How will the intellectual property be handled. d. Major hurdles, in addition to the substrate toxicity, which is well known in the biomass arena, were expressed as: i. Efficient utilization of pentoses and understanding pentose utilization, ii. Maintaining yeast viability, stability and robustness while engineering the requirements into it, iii. A genetically engineered organism would be required to achieve the vision, which would present a hurdle if a food product were involved (such as using fermentation residue in animal feed). iv. Industrial participants emphasized organizational hurdles, whereas academics focused on technical hurdles. v. Both groups, however, agreed that a strong, central management would be needed to keep the project focused among the diverse groups involved. e. There was no consensus on a change in project vision. Some thought the vision is fine as is, others suggested extending the timeline, focusing on development of enabling tools, broadening the metabolic capability of yeast , leaving an option for two or three organisms, making the goals more specific, and more basic research.
VII. Recommendations a. The Office of Fuels Development (OFD) should sponsor development of a commercial organism. The people who are presently conducting commercial fermentations all agreed that a yeast is needed because the existing organisms are not adequate for industrial, commodity-type fermentations such as would be needed for fuel alcohol production. b. The emphasis of the program should be the production of fuel alcohol from the sugars derived from corn stover. This should be emphasized and differentiated from fermenting the fiber residual in a corn refining plant. Spin-off may be helpful to the corn refiners, but the two raw materials are distinct from one another. Moreover, fermenting all the corn fiber would represent less than a tenth of the alcohol available from fermenting half the corn stover produced. This message should be more widely publicized. 
